INTRODUCTION
The fact that geotropic curvature is mediated by unequal rates of elongation on opposite sides of the bending structure has led to the general implication that (lepression of these growth rates should cause a corresponding inhibition of geotropic curvature. Recently published results have revealed that this expected relationship was not always observed when plants were treated with compounds such as 2,3,6-trichlorobenzoic acid and n-1-naphthylphthalamic acid (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12) . Selective inhibition of geotropic curvature bv n-1-naphthylphthalamic acid (NP) has been reported for a number of plants, including seedlings of corn, crucifer, cucumber, pea, lentil, sunflower, and tomato (3, 4, 5, 8) . Since the data of Tsou Ching, Hamilton, and Bandurski (8) did not reveal a differential effect of NP on growth and geotropic curvature of intact Avena coleoptiles, the present study was undertaken to explore, in additional detail, the effects of NP on elongation and negative geotropism of isolated apical segments of Avena coleoptiles.
MATERIALS & METHODS
Avena sativa L. seeds, Victory Strain (U.S. Dept. of Agriculture, C. I. 2020)-were used in these experiments. The seedlings were grown on filter paper strips immersed in distilled water which previously had been aerated. Additional details of the growing method are described elsewhere (11) . Only seedlings that were 72 hours old and that had 30 mm (±+2mm) coleoptiles were used.
Growth measurements were made by two methods. In one group of experiments the coleoptiles were iso-'Received April 22, 1961 . 2 Supported in part by research grant RG 5916 from the National Institutes of Health, U.S. Public Health Service. 3 Supplied by the U.S. Department of Agriculture. 727 lated from the seeds and primary leaves. The apical 5 mnm sections were discarded; the second 5 mm sections were used. These sections were floated in petri dishes containing the media (20 sections/20 ml solution). All sections were randomized in distilled water and then floated on the experimental media. During cutting and transferring, the sections were exposed to red neon light (wave lengths longer than 6'074 A). The sections were allowed to elongate in the dark for 24 hours. At the end of this period, their lengths were measured with a micrometer in the ocular of a dissecting microscope.
In the other growth measurements, apical 15 mm coleoptile sections were used. These sections had intact apices, but the leaves were pulled out. Six such sections were placed in each of two racks which held them in the upright position and exposed only the cut basal ends to the medium. Both racks were placed in a transparent chamber to maintain high humidity. The sections were photographed in flashes of red light (wave lengths above 6,000 A) at 30 minute intervals with a time-lapse apparatus. Measurements of lengths were made from the negative. The basal medium contained only aerated distilled water and the indicated concentrations of NP.
Curvature measurements also were made on apical 15 mm coleoptile sections. These were isolated and mounted on sections of stainless steel needles with stops 5 mm from one end. The individual coleoptile holders were fitted into lucite block containers (6) . Only the cut basal ends of the coleoptiles were exposed to the aerated distilled water or other solutions. The coleoptiles were left for 2 hours in the holders in upright position before they were geotropically stimulated. After geotropic exposure and curvature development time, the angles of curvature were measured from negatives which were made by shadowgraphing. The entire procedures were carried out at a temperature of 22 C ( ± 10 ).
Commercial NP was purified and recrystallizedI according to the method outlined by Tsou Ching et al. (8) (8) . When 1 mg/l of IAA was added to the medium (curve IV), concentrations of NP above 1 X 10-7 M inhibited growth; the inhibition became more effective with increasing concentrations of NP. This fact lends support to the previous concept of competitive interaction between NP and IAA when both were used at higher concentrations (8) .
Time-lapse growth curves of 15 mm isolated coleoptiles with intact apices are shown (fig 2) . The control curve practically duplicates previously publislied growtlh rates for sections of this kind (6) . Inhibition of elongation bv 1 X 10-4 M NP became apparent after 6 hours. This inhibition was consistent with the effect of 1 X 10-4 M NP on floating sections as shown in the previous figure. Thus high concentrations of NP are inhibitory to coleoptile elongation in the presence of endogenous as well as exogenous auxin when relatively long growth periods were used. This concentration of NP also has been demonstrated to be inhibitory to growth of other plants (8) . However, the magnitude of the inhibition of oat coleoptile growth by 1 X 10-4 M NTp (fig 2) is not as extensive as inhibition reported by previous investigators (1, 8) .
Although the data are not included in figure 2, 1 X 10-6 and 1 X 10-7 WI NP had no effect on the elongation of 15 mm apical sections.
As (1 X 10-7 M) proved stimulatory to curvature for all geotropic exposure times used; 1 X 10-6 M was stimulatory for exposures up to 90 minutes. These concentrations had no significant effect on elongation of sections with intact apices, but 1 X 10-6 M increased the growth of floating sections in the presence of 0.1 mg/l of IAA (curve III in fig 2) . It is possible that this stimulation of curvature was brought about by a slight acceleration of growth by NP, which was amplified by the differential elongation of opposite sides of the bending coleoptiles.
For horizontal exposures longer than 30 minutes, 1 X 10-5 M NP suppressed geotropic bending. The same concentration increased the elongation of 5 mm floating sections and of 15 mm apical segments. Thus, under these conditions, NP had opposite effects on growth and geotropic curvature. A tenfold higher concentration of NP had similar but more extensive effects. After 5 hours of exposure to NP, elongation was increased by about five percent (fig 2A) , while geotropic curvature after 2 hours of pretreatment plus 3 hours in the horizontal position was decreased by 70 %. (See fig 3.) To further analyze the effects of NP, geotropic curvatures also were measured after geotropic stimulation plus 30 minutes of development time on a horizontal klinostat rotating at 1 rpm (fig 4) . (All points are plotted as total time lapsing between the initiation of geotropic stimulation and the final curvature.) Curves I, TI, III, and IV are duplicates of the first portions of curves presented in figure 3 . These coleoptiles remained in the horizontal position for the durations indicated on the abscissa. Except for the first point in curve I-K, the similarity of curve In the light of these observations it becomes relevant to inquire whether the NP exerts its inhibitory effect during the period of geotropic stimulation or during the development time on the klinostat. Preceding results have shown that 1 X 10-5, 1 X 10-6. and 1 X 10-7 M NP had no inhibitory effect on elongation of apical coleoptile segments. This relationship implies that 1 X 10-5 and 1 X 10-6 M NP must be exerting the inhibitory effect on the coleoptiles while thev are in the horizontal position. The curves in figure 2A show that 1 X 10-4 3r NP stimulated apical segment elongation. As shown by the curves in figure 4 . 30 minutes of supplementary klinostat development again resulted in less curvature than an additional 30 minutes in the horizontal position. In combination, these facts also indicate that NP must be exerting its inhibitory effect during the period of geotropic stimulation.
If the curvatures (fig 4) were plotted against duration in the horizontal position-this has the effect of moving each point on the K curves to the left by the distance equal to 30 minutes-several other considerations become apparent. (fig 2A) , it is difficult to anticipate the nature of the NP inhibited mechanism which is involved in phototropic curvature.
DISCUSSION
In previous studies 2,3,6-trichlorobenzoic acid had dissimilar effects on elongation and geotropic curvature (6, 7) . The available data indicated that TCBA was probably exerting its effects by suppressing the geotropic perception mechanism. Selective inhibition of geotropic curvature by NP has been reported for several different seedlings but not for intact Avena seedlings (8) . My results show that 1 X 10-4 M NP stimulates elongation of 15 mm apical coleoptile segments and inhibits their negative geotropic bending.
On the basis of the results presented in this paper, it is not justifiable to classify NP as an ordinary auxin. While some concentrations of NP stimulated Avena coleoptile elongation (see figs 1 & 2) they did so only in the presence of low concentrations of IAA or in combination with endogenous auxin. In the presence of endogenous auxin in 15 mm apical segments, NP (1 X 10-4 MI) induced stimulation of elongation only for the first 6 hours of growth, then it became inhibitory. This combination of effects, caused by a single concentration of a compound, has not been accepted as a general characteristic of auxins.
The slight increase in geotropic curvature and the relatively large stimulation of phototropic curvature caused by the lower concentrations of NP, tentatively can be attributed to the increase in the elongation caused by the NP. In this connection, it was again noted that the stimulation effect of 1 X 10-6 M for geotropism and 1 X 10-6 and 1 X 10-7 M NP for phototropism was most evident in responses of shorter durations.
From results of a previous study (6) It is indicated from the results herein reported, that higher concentrations of NP must inhibit tropic bending by influencing some process other than the elongation mechanism. Results of the experiments, in which geotropic stimulation was followed by klinostatic development, implied that NP mediated its inhibition during the period of stimulation and not during the subsequent development on the klinostat. Additional study is required for a more precise characterization of the mechanisms affected by the NP. II. Growth of floating sections was increased by 1 X 10-6 and 1 X 10-5 At NP, but only in the presence of exogenous IAA. NP (1 X 10-4 3%) was slightly inhibitory to growth of floating sections in the presence or absence of IAA.
III. NP (1 X 10-5 M) induced a slight stimulation of elongation of 15 mm apical coleoptile segments for the entire 24 hour growth period. Higher concentrations of NP (1 X 10-4 AI) caused increased elongation during the first 6 hours of exposure and inhibition for longer growth periods. Two concentrations of NP (1 X 10-6 & 1 X 10-7m) had no effect on apical segment elongation.
IV. Both 1 X 10-4 M and 1 X 10-5 M NP were inhibitory to negative geotropic curvature of 15 mm apical Avena segments, while 1 X 10-6 M and 1 X 10-7 M caused slight stimulation of bending for stimulation times up to 90 minutes. Experiments utilizing klinostatic development time subsequent to geotropic stimulation, indicated that NP treated coleoptiles attained smaller curvatures than untreated segments.
V. Positive phototropism, in response to 270 meter-candle-seconds of unilateral illumination, also was inhibited by 1 X 10-4 M NP. All other concentrations of NP induced stimulation of phototropic bending 90 minutes after application of the light.
